Null alleles, short allele dominance (SAD), and stuttering increase the perceived 28 relative inbreeding of individuals and subpopulations as measured by Wright's FIS and FST. 29 Ascertainment bias, due to such amplifying problems are usually caused by inaccurate 30 primer design (if developed from a different species or a distant population), poor DNA 31 quality, low DNA concentration, or a combination of some or all these sources of 32 inaccuracy. When combined, these issues can increase the correlation between 33 polymorphism at concerned loci and, consequently, of linkage disequilibrium (LD) between 34 those. In this note, we studied an original microsatellite data set generated by analyzing 35 nine loci in Ixodes scapularis ticks from the eastern U.S.A. To detect null alleles and SAD 36 we used correlation methods and variation measures. To detect stuttering, we evaluated 37 heterozygote deficit between alleles displaying a single repeat difference. We 38 demonstrated that an important proportion of loci affected by amplification problems (one 39 with null alleles, two with SAD and three with stuttering) lead to highly significant 40 heterozygote deficits (FIS=0.1, p-value<0.0001). This occurred together with an important 41 proportion (22%) of pairs of loci in significant LD, two of which were still significant after a 42 false discovery rate (FDR) correction, and some variation in the measurement of 43 population subdivision across loci (Wright's FST). This suggested a strong Wahlund effect 44 and/or selection at several loci. By finding small peaks corresponding to previously 45 disregarded larger alleles in some homozygous profiles for loci with SAD and by pooling 46 alleles close in size for loci with stuttering, we generated an amended dataset. Except for 47 one locus with null alleles and another still displaying a modest SAD, the analyses of the 48 corrected dataset revealed a significant excess of heterozygotes (FIS=-0.07 as expected in 49 dioecious and strongly subdivided populations, with a more reasonable proportion (19%) 50 of pairs of loci characterized by significant LD, none of which stayed significant after the 51 FDR procedure. Strong subdivision was also confirmed by the standardized FST' corrected 52 for null alleles (FST'=0.19) and small effective subpopulation sizes (Ne=7). 
Introduction 56
Null alleles, short allele dominance (SAD) and stuttering are frequent consequences 57 of poor PCR amplifications, in particular for microsatellite markers. Amplification problems 58 usually arise when primers are designed by using DNA of a different species or a distant 59 population, when DNA is degraded, at too low of a concentration (Chapuis and Estoup, 60 6 randomly for each tick and the insert amplified and sequenced (DNA Analysis Facility on 160 Science Hill, Yale University). Finally, as microsatellite primers are known to amplify 161 sometimes more than one closely related species, the same set of primers was tested on 162
DNA samples of Ixodes ricinus, Ixodes pacificus, and Ixodes persulcatus (LB, personal 163
collection), all taxa belonging to the I. ricinus complex of ticks (Keirans et al., 1999) . 164 The primer pairs that yielded amplicons of the expected size were then used to 165 individually amplify a subset of 67 DNA samples from ticks, representative of the 166 distribution area of I. scapularis in USA, and collected by flagging or dragging in Alabama 167 (10 ticks), Georgia (15), Connecticut (16), Massachusetts (14), New York (2), 168
Pennsylvania (2), and South Carolina (8). For these amplifications, forward primers were 169 labeled with fluorescent dyes (Applied Biosystems, Thermo Fisher Scientific, CA) as listed 170
in Table 2 . The amplicons were sent to the DNA Analysis Facility on Science Hill (Yale 171 University, New Haven, CT) for genotyping. The allele peaks were scored using 172
GeneMarker (SoftGenetics, State College, PA). All data were recorded in an Excel 173 spreadsheet for further ease of conversion. drawn from previously published studies. The loci were amplified and genotyped using the 192 procedures described above, although PCR conditions had to be slightly optimized for 193 markers IS11 and IS15 (touchdown annealing temperature decreased from 58°C to 50°C) 194 and IR27 (touchdown annealing temperature decreased from 56°C to 53°C) ( Table 2) . 195
196

Population genetics analyses 197
The raw data set was coded and converted into all required formats using Create 198 For a hierarchy with three levels (individuals, subsamples, and total sample), three 214 F-statistics can be defined (Wright, 1965) . FIS measures inbreeding of individuals relative 215 to inbreeding of subsamples or relative deviation of observed genotypic proportions from 216 local random mating proportions. FST measures inbreeding of subsamples relative to total 217 inbreeding or relative inbreeding due to the subdivision of the total population into several 218 isolated subpopulations. FIT measures inbreeding of individuals relative to total inbreeding. 219
Under the null hypothesis (panmixia and no subdivision), all these statistics are expected 220 to be null. Otherwise, FIS and FIT can vary from -1 (one heterozygote class) to +1 (all 221 individuals homozygous) and FST from 0 (all subsamples share similar allele frequencies) 222 to +1 (all subsamples fixed for one or the other allele). These statistics were estimated with 223
Weir and Cockerham's unbiased estimators (Weir and Cockerham, 1984) Stuttering can be addressed by pooling alleles close in size. However, this 287 procedure requires that none of the pooled allele groups is constituted of rare alleles only. 288 Indeed, pooling rare alleles, usually found in heterozygosity with a more frequent allele, 289 will tend to artificially generate heterozygous excesses. In order to avoid this 290 consequence, each pooled group should contain at least one frequent allele (e.g. with 291
p≥0.05).
12
In dioecious small populations, a heterozygote excess is expected. However, loci 293 with null alleles may display heterozygote deficits. In such situations a bilateral test (FIS is 294 not different from 0) is needed and obtained as pbilateral=pmini+1-pmaxi, where pmini is the 295 minimum unilateral p-value (for heterozygote deficit or excess) and pmax is the maximum 296 one. 297 1833, p-value=0.3218) . These results suggested that locus-specific effects 339 were involved. Nevertheless, null alleles only partly explained the observed pattern at best. 340
The substantial proportion of significant LDs suggested the existence of a possible strong 341
Wahlund effect, though a negative correlation between NLD and HT with less than 40% 342 significant tests observed here would refute this interpretation (Manangwa et al., 2019) . 343
Small subsampling due to the partitioning of the data into cohorts and 12S clades 344 was expected to considerably lower the power of these tests, especially so after the rather 345 stringent BY procedure for the LD test series. or FST is equivalent to a mutation rate increase by a factor K/(K-1) (Rousset, 1996) In our case, the relatively important global LD across loci is probably due to small 451 effective sizes of the I. scapularis subpopulations (Waples, 2006; Waples and Do, 2010) . 452
Additionally, null alleles are still influencing the cured data, and predominantly affect 453 individuals that display some kind of deviating DNA (as explained in the introduction) and 454
